Neurosyphilis occurs in the late stage of systemic syphilis infection; early diagnosis and treatment are crucial to the prognosis. We review 3 autopsy cases with different subtypes of neurosyphilis, that is cases with meningovascular, general paresis, and a combination of the 2, respectively. We investigated the gross morphology and leptomeninges, vessels, cerebral cortex, white matter, brainstem, cerebellum, olfactory bulb and spinal cord microscopically. We found that meningovascular inflammation exists in both early and late phases of neurosyphilis, not only in the meningovascular subtype. Vertebrobasilar artery involvement is common and infarcts of the areas perfused by these arteries in young patient highly suggests neurosyphilis. Damage to the cortical architecture and neuropil is the main mechanism of dementia in general paresis and temporal lobe may not firstly be involved as many other diseases with dementia. Early involvement of olfactory bulbs may help in the early diagnosis of the disease. Our findings indicate that many specific features may help in clinical practice and that further research is needed to clarify the mechanisms.
INTRODUCTION
Syphilis is an infectious disease caused by the spirochete Treponema pallidum. Approximately 4%-10% of patients in the late stage of systemic syphilis infection will have CNS involvement, that is neurosyphilis (1) . The subtypes of neurosyphilis include asymptomatic, meningeal, meningovascular, general paresis, tabes dorsalis, gumma, and optic nerve atrophy (2) . When there is extensive involvement of the CNS, the clinical spectrum is so complex that early diagnosis is often difficult. Serum and CSF antibody studies are essential for the clinical diagnosis. The rapid plasma reagin test is helpful for screening and therapeutic monitoring because the titer decreases after therapy (3). The T. pallidum particle agglutination and fluorescent treponemal antibody absorption tests are more specific for definitive diagnosis (3) . Early diagnosis and antiluetic therapy are very important for improving prognosis.
Meningovascular neurosyphilis and general paresis are representatives of early and late stage neurosyphilis, respectively, but they can overlap in many patients. Clinical manifestations of the early stage include headache, hemiplegia, cranial nerve palsy and signs of meningitis as well as cerebral infarction whereas progressive dementia with or without psychological and behavior disorders has been the key symptom of the late stage (4, 5) . Microscopically, meningovascular neurosyphilis is characterized by lymphocytic infiltration of leptomeninges with fibrous organization, arteritis, and vascular occlusion as well as consequent infarcts. Cerebral cortical atrophy, disrupted neuropil, neuronal loss, astrocyte proliferation, and activated microglia are typical features of general paresis (6) .
Here, we describe postmortem findings in 3 patients with neurosyphilis to analyze clinicopathological relationships, and with the aim of assisting in the early diagnosis and treatment of the disease in the modern era.
MATERIALS AND METHODS
Postmortem examinations were performed 24 hours after death and were limited to the brain and spinal cord. Gross neuropathological examinations were performed after 1 month of 10% buffered formalin fixation on coronal sections of the cerebral hemisphere and sections of the cerebellum and brainstem cut perpendicular to the long axis. Large arteries in the circle of Willis were separated. For light microscopy, samples were embedded in paraffin and 10-lm-thick sections were stained with hematoxylin and eosin (H&E). The slices came from the optic chiasm, olfactory bulb, frontal, lateral temporal, occipital, parietal, insular cortex, hippocampus, basal ganglia, cerebellum, midbrain, pons, medulla, cervical spinal cord, and basilar artery. Additional stains used included Luxol fast blue, Weil's, and Nissl stains; immunohistochemistry was performed in a Ventana automated stainer, using an avidin-biotin complex, peroxidase-based method with the following polyclonal antibodies: anti-CD3 (1/100, Leica, Wetzlar, Germany), and anti-CD20 (1/200, Leica), anti-CD138 (1/100, ZSGB-Bio, Beijing, China), anti-CD68 (1/50, Dako, Glostrup, Denmark). Warthin-Starry stain was used in case 3 for identification of spirochetes. 
RESULTS

Clinical Observations
Three neurosyphilis cases (all males) were admitted to the Neurological Department of Peking Union Medical College Hospital. All of them were middle aged and had had untreated syphilis for many years. All of them had unprotected sexual intercourse with prostitutes. Although they all progressed rapidly to death, disease onset was acute or subacute ( Table 1) .
The clinical and laboratory results are summarized in Table 2 . Case 1 had an acute progression with vertigo, dysphagia, and right hemianesthesia. Physical examination showed left central facial and tongue palsy, loss of pharyngeal reflex, right hemianesthesia, and loss of right abdominal wall and cremasteric reflexes. Case 2 had shown 2 months of psychosis and aggressive behavior. He had cognitive decline with no focal neurologic signs on physical examination. Case 3 had progressive right hemiplegia with diplopia. Physical examination showed cognitive decline with a Mini-Mental State Examination score of 25 and Montreal Cognitive Assessment score of 22. He also had a right central facial and tongue palsy, right hemiplegia and positive right Babinski and Chaddock signs.
In each patient, both the serum and CSF rapid plasma reagin and T. pallidum particle agglutination tests were positive, with positive serum HIV antibody in case 3; HIV testing was negative in the other 2 patients. The CD4 count in case 3 was 68/ml. CSF lymphocytosis and elevated protein level as well as artery stenosis were also seen, but not in all of them. Neuroimaging of case 3 showed extensive basilar meningeal enhancement without ventricle enlargement. The clinical diagnoses were: brainstem infarcts caused by syphilitic arteritis, general paresis, brainstem infarction caused by syphilitic arteritis and general paresis in cases 1-3, respectively. Cases 2 and 3 were given intravenous penicillin treatment for 2 weeks whereas case 1 was not treated. Both case 1 and 2 developed aspiration pneumonia and died from respiratory failure. Case 3 also died from an acute respiratory failure with extensive interstitial involvement with suspected pneumocystis pneumonia but without evidence.
Neuropathology
Gross neuropathological examination results are summarized in Table 3 . There was no edema, atrophy, herniation of the brain, or hemorrhage on brain surfaces. Adhesion and thickening of leptomeninges around the brainstem and the circle of Willis was found in case 3. No lesions were found on the coronal sections of cerebral hemisphere, cerebellum, and spinal cord; necrosis in the brainstem and midbrain were identified in case 1 and 3, respectively. Basilar artery stenosis of case 1 and 3 were also seen.
On microscopic examination, the 3 cases showed widespread leptomeningitis with lymphocytes and macrophages (Figs. 1A, 2A, 3C ). Microvascular proliferation, congestion, and perivascular inflammation were present in all through the leptomeninges, cortex, and white matter; there was also perivascular hemosiderin deposition (Figs. 2B, 3D ).
The cortex lamination and neuropil architecture were relatively preserved in case 1 (Fig. 1B) , whereas they appeared markedly disrupted in case 2 and 3, particularly in the frontal lobe cortex (Figs. 2C, 3E ). Cortical architecture in temporal lobes was relatively intact (Fig. 2D) . Scattered neuron loss, neuron swelling, and ghost formation were found in case 1. In cases 2 and 3, there was marked and widespread neuron loss with and apparent microvascular hyperplasia (Fig. 2E ). Activated and rod-like microglia as well as astrocyte proliferation were easily seen; some of the former surrounded neurons (Fig. 1C) . Scattered CD3-, CD20-, and CD138-positive cells were seen. No demyelination or axon necrosis was seen in white matter but there was some myelin swelling. Hippocampal structures were nearly normal in all cases (Figs. 1D, 2F ). Other than inflammation in the leptomeninges, the cerebellum, and spinal cord were intact (Figs. 1E, 3F ). The walls of the basilar artery were thickened, infiltrated by lymphocytes and showed disruption of elastin layer in cases 1 and 3 (Figs. 1F, 3G) .
In case 1, the leptomeninges on over the optic chiasm were also infiltrated by inflammatory cells (Fig. 1G) . Myelin swelling and microglia infiltration were seen in the parenchyma. Small acute infarcts were seen in the pons and medulla oblongata (Fig. 1H, I , J).
Additionally, there was a focal subacute infarct in the midbrain in case 3 (Fig. 3H) . Disturbance of normal structure and apparently activated microglia were seen in the left olfactory bulb (Fig. 3I, J) . Warthin-Starry stains were done for spirochetes; this was negative in case 2 but in case 3, there were spirochetes in frontal lobe cortex (Fig. 3K, L) . The microscopic features are summarized in Table 4 .
DISCUSSION
Although the cases had different clinical symptoms and different subtypes, we found identical microscopic features, that is extensive inflammation of the meninges at all levels and surrounding microvessels. Basilar meningitis was more evident grossly, suggesting that it was an area prone to involvement. The infiltrates included lymphocytes; although thickened, the leptomeningeal involvement was usually not evident by enhanced MRI. Vessels in the cortex were often congested and infiltrated by lymphocytes and macrophages; thickened walls and perivascular hemosiderin deposition implied microbleeding. Meningovascular involvement has been considered the early manifestation of neurosyphilis but it can accompany with many subtypes (6). Our results support this and we believe that meningovascular infiltration exists even in asymptomatic neurosyphilis. Therefore, MRI with higher resolution and more sensitive to perivascular bleeding may help to identify early CNS involvement in patients with systemic syphilis. The 3 patients had a history of syphilis or unsafe sexual behavior >10 years prior to death. The onset of neurological symptoms was later. It has been considered that meningeal and meningovascular neurosyphilis usually appear $2 years after infection whereas general paresis usually 10 years or more later. However, with the wide use of antibiotics and, more importantly, the combination of HIV infection may change the course of the disease. Indeed, HIV can change the natural history of syphilis and accelerate the progression (7). Secondly, recurrent syphilis infection is common in patients with HIV. Therefore, recognition of early neurological symptoms and CSF examination are crucial to the diagnosis of CNS involvement in patients with syphilis.
Both cases with meningovascular lesions had brainstem infarcts and we found evidence of vasculitis of the basilar artery. Presumably, inflammation of the vascular wall caused disruption of intima, necrosis, and fibrosis of adventitia and stenosis of the lumen, which resulted in thrombosis and cerebral infarction. It has been reported that medium-sized and large arteries are more commonly involved in neurosyphilis and that infarcts of the middle cerebral and vertebrobasilar artery distributions result (8, 9) . In addition to the size of these arteries, we think basilar meningitis also may predispose to basilar artery involvement. Thus, neurosyphilis must be emphasized as a cause of vertebrobasilar infarcts in young patients without other risk factors in clinical practice (9, 10) . Two of our cases had cognitive decline with or without behavioral or psychological symptoms. Microscopically, we observed damage of cortical architecture, neuron loss, infiltration of lymphocytes and activated microglia, and gliosis, which support the diagnosis of general paresis (6) . However, cerebral atrophy was not obvious macroscopically, probably due to the short courses of CNS involvement. The patient without dementia had relatively normal cortical structures, which further supported the opinion that neuronal loss and neuropil damage were the mechanism of cognitive decline in the others. We also suggest the disturbance of connections between neurons, or neuropil by activated microglia and gliosis participates in the pathogenesis. Lymphocytosis was not as obvious as microglial activation, indicating that the latter is an important feature of neurosyphilis, although it is more often identified only by postmortem examination.
Neuronal loss and neurofibrillary tangles in limbic area and temporal lobe are early neuropathologic changes of Alzheimer disease (AD) (11) . Hippocampal sclerosis may coexist with AD pathology, and was the main pathologic changes in the oldest old, which was defined as pure hippocampus sclerosis dementia (12, 13) . Neurosyphilis is a great mimicker and it has been reported that neurosyphilis can mimic early onset AD with bilateral hippocampal atrophy (14) . However, in our cases, the neuropil of the cortex and morphology of neurons in temporal lobe were relatively preserved, that is better than in the frontal lobes. Moreover, the hippocampi were normal, that is without atrophy, hippocampal sclerosis, or gliosis. On the other hand, personality changes and depression, which were typical symptoms of frontal lobe damage, were obvious in our cases. Therefore, we think that although temporal lobe involvement is apparent in neurosyphilis and that later spread to the whole brain is inevitable, symptoms of frontal lobe involvement may appear earlier. Further understanding of the disease progression is necessary for early diagnosis.
Olfactory loss and hyposmia accompany aging and neurodegenerative diseases. Microscopically, mitral cell loss and ectopic glomeruli formation alter the normal synaptic organization of olfactory bulb in aging, as well as early amyloid deposition in AD (15) . A MRI study also found early involvement of olfactory bulb and tract in AD, suggesting a method of early diagnosis and recognition of the disease (16) . In case 3, we also found structural damage and microglial infiltration of the olfactory bulb. Thus, olfactory involvement may be an early manifestation of neurosyphilis in systemic syphilis patients.
In conclusion, our autopsy findings further confirm the neuropathologic features of neurosyphilis. We verified the wide distribution of meningovascular inflammation in different subtypes of neurosyphilis and the common involvement of vertebrobasilar arteries. We also tried to identify some early manifestations of the disease based on the neuropathologic changes 
